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Mechanism of red colouration in Tovel-See 
BALDI E. 
Arch.Hydrobiol. 38, 299-302 (i94l) 
Translated by L.Heller 
Cases of red colouration in small lake basins, due to the abundant 
appearance of microorganisms have long been known. Usually it is caused by 
a fast, sudden, intensive propagation (so called "bloom") of Cyanophycae and 
bacteria. (e.g. Oscillatoracae, thiobacteria etc.). A careful survey of this 
phenomenon was published by A. Forti (1933). 
Normally, such appearances are only chance, or at least they have no 
particular rhythm. 
An exception to this is the red colouration of Tovel-See, an alpine 
lake basin in the Dolomites of the Brenta group (Trentino), lying at a height 
of 1178 m and hidden in the woodland of a magnificent valley. Here the red 
bloom has a double rhythm: a daily and a yearly rhythm. The colouration of 
one part of the lake takes place in the warmest months of the year (i.e. July, 
August, September) and in the middle hours of the day. It is always restricted 
to the south-west end of the lake, starts at about 9-10 h and becomes stronger 
and stronger, with the highest colour intensity at 13—14 h; then it gradually 
subsides and finally disappears at dusk. 
These phenomena have repeated themselves, as far as historical memory can 
prove, with extraordinary regularity; we believe that the Tovel-See is the first 
example, in limnological literature, of red bloom-rhythm going on for centuries. 
The immediate origin of the bloom has been known for a long time: it is 
caused by a Peridinacae, which is described by Largaiolli (1907) as 
Glenodinium pulvisculus var. oculatum (Perty) Stein, recently (1941) revised 
by V. Marchesoni and identified as the new strain Gl. sanguineum. 
This Peridinacae, has the ability to secrete in the cytoplasm, oil droplets, 
which are coloured with carotene; in the pelagic form Gl. sanguineum these 
lipid drops are so densely packed in the cell cytoplasm, that the whole algal 
body takes on a shiny red colour. 
Colourless drops of oil are formed, for example by marine Peridinacae 
(Klebs), all these material are to be considered as reserve substances, and 
it is not a matter for surmise, but observed by me personally, that they are 
connected with photosynthesis. Certainly, in the sense that they (the oil drops) 
are formed in the cytoplasm of Peridinacae, when the alga is exposed to solar 
irradiation, conversely disappearing during the night , or when the alga is 
artificially brought into darkness, and forming again, when the colourless 
Peridinacae is exposed to the light and warmth. 
The conditions of lipid formation, the variations in the structure of their 
globules and oil drops, the polymorphism of Peridinacae itself and its cycle, 
were studied by the author in a work on the hydro-biological questions 
of the Tovel-See (Baldi 1941); only a few observations on the mechanism of the 
red bloom are cited here. 
As the red bloom restricts itself, even under the most favourable conditions, 
to the south-west part of the lake, where it is shallower (up to 6m, while the 
max. depth in the north-east part reaches 39m), Largaiolli (1907, 1926) and 
Leder (1914), supposed that it was a case of local vertical migration of the 
Glenodinacea, from the surface to the bottom and the reverse. In fact the 
mechanism of the red bloom is very complicated and arises from the simultaneous 
existence of several conditions. 
1. As the formation of red coloured oil drops in the cytoplasm depends on 
photosynthesis it can only take place under the influence of sunlight. 
The cell of the alga begins to turn red, when the light can exercise 
its effects on the chloroplasts. Similarly the red lipid drops in the 
cytoplasm last for some time after the termination of the light, until the 
reserve matter is used by the metabolism of the alga. 
2. It is a mistake to believe that the glenodine is narrowly restricted 
to the south-west part of the lake; they are distributed through out the 
whole lake and at all depths, mostly in a colourless state (forms of the so 
called "green series".). 
3. During the summer, early in the morning, when the sky is becoming lighter 
and lighter, the glenodines are phototactically drawn to the surface. Under 
the growing influence of the light, the processes of photosynthesis begin 
with carbohydrate formation and thereafter accumulation of coloured globules 
in the cytoplasm and then of actual oil drops. The glenodines at the surface 
of the lake are also red glenodines, whose colour has gradually increased in 
intensity with the growing number of the lipids. 
4. This colouration of the single glenodines is, however, not able to redden 
the water itself. The density of the red glenodines per cm3 is too small 
to achieve a mass effect. That is the first interesting conclusion: 
physiological reddening of the glenodine is not sufficient in itself to 
explain the mechanism of the colouration. 
5. Here, however, another phenomenon comes into question. The Tovel-See 
lies in a narrow valley, with steep, thickly wooded sides; the valley lies 
almost N.-S. As almost always in the Dolomites, the valley lies between high 
steep, bare rock walls. Early in the morning the sun's rays fall over 
these high mountain walls, when the rest of the valley still lies in the 
shade. In consequence, of the warming of the mountain summits and the 
thermal variation between valley and mountain, the air is drawn out of the 
valley. 
In this manner a characteristically periodic wind arises which runs down the 
whole valley, crosses over the brink of the lake and leads to the formation 
of waves on the surface. The direction of the wave motion lies in the 
longitudinal axis of the lake, from the north-east to the south-west shore, 
as a result of the orientation of the lake itself in its valley. 
6. In the Tovel valley, this wind is a very characteristic phenomenon of 
sunny summer days with lasting fine weather, without storms and without the 
impact of cold winds down from the mountains - that is: on those days on 
which the red colouration of the lake reaches its maximum intensity. It 
begins at about 8 in the morning and disappears when the thermal 
equilibrium between the summits and the valley is reached (at about 14h). 
2. 
7. The red surface glenodines are "swept" from the north-east to the 
south-west part of the lake by this wind, and accumulate against the 
south-west shore. 
In fact the colouration begins in the shore waters of the southwest part 
of the lake, which lie in the axis of the wind. As the same mechanism 
continues through the subsequent hours of sunshine, new red glenodines are 
continuously being brought in a SW direction, the red zone extends, until 
the whole south-west surface of the lake becomes blood-coloured. In this 
way, the observer has the impression, that the red progresses towards the 
middle of the lake, issuing from the south-west shore. It is an illusion, as 
the real progression of the glenodine is the other way. 
8. Under abnormal weather conditions the distribution of the glenodines and 
the red colouration of the lake is also abnormal; when the wind comes from 
the mountains (thunder storms etc.) the red colouration is weak, as the sky 
is clouded, and irregular, red flecks form in the middle of the lake (and 
elsewhere). 
9. In the late afternoon the colouration of the water becomes paler and 
paler, by evening the south-west surface has become deep green, which is 
the natural colour of the lake. i.e. It is a case of a transformation of 
the red into green glenodines (by metabolic destruction of the drops of 
oil); i.e. the pelagic red forms sink to the bottom, where after casting of 
the theca they form non-motile, elliptical, weakly-coloured resting stages. 
During the night one finds almost exclusively green or colourless glenodine 
forms. 
All these phenomena were statistically proved by the author; during the 
maximum red colouration, up to 2500 glenodines per cm3 are to be found. 
10. The development mechanism of the red bloom of the Tovel-See has, 
therefore, one origin: the sun, and three other interrelated factors; 
phototactic upward migration of the glenodines to the surface; photosynthetic 
formation of red oil droplets; thermal stimulation of a periodic wind. It 
is probable that the Tovel-See is the only place where geographic, and 
topographic situation and these three conditions come together to cause the 
red colouration by glenodines. 
3. 
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